Introduction
Despite available effective interventions to prevent the disease and reduce the associated deaths, pneumonia remains a major health problem in children [1, 2] . According to data reported by the World Health Organization (WHO), pneumonia represents the leading cause of death in children under the age of 5 years, accounting for 19% to 29% of deaths in this age group [2] and 1.6 million deaths per year [3] . The main etiological pathogens reported in epidemiological studies worldwide are definitions for the diagnosis of radiological pneumonia aiming to increase the accuracy of pneumonia assessment [2] . However, data from a recent epidemiological study from Northern England showed that despite the implementation of the WHO criteria there was still an important (22%) inter-observer disagreement in the interpretation of chest radiographs, and this was higher in cases of children below 5 years of age [11] . It has been shown that non-severe pneumonia cases may display or be interpreted as normal chest radiographs or that patchy and perihilar changes as well as pleural effusion may go undetected [11, 12] . Thus, human error remains a challenge when interpreting chest radiographs in children and a cause of false negative results and radiological pneumonia underdiagnosis [13] . Due to the limitations described above and the potential adverse effect of ionizing radiation later in life, physicians have turned their attention to lung ultrasonography (LUS) as a safe and accessible option for the diagnosis of pneumonia. Although still limited as the number of studies and number of children enrolled remains small, available prospective clinical studies assessing its diagnostic accuracy when compared to chest radiographs or clinical criteria for the diagnosis of pneumonia in children have shown good results, with a reported sensitivity ranging between 85.7% and 100% and specificity between 88.5% and 100% [14] [15] [16] . Nevertheless, controversies remain with regard to its performance in discriminating the lung consolidations from atelectasis, especially focal atelectasis, and B-lines identification, areas of white lung considered an indicator of perilesional inflammatory edema, which are frequently seen also in patients without pneumonia [17] .
The objective of our study was to assess the performance of LUS as compared to chest radiograph and clinical criteria for the diagnosis of pneumonia in children.
Material and methods
This was a retrospective study in which data from medical files of all children admitted with a clinical suspicion of pneumonia between 2009 and 2014 in the 3 rd Pediatrics Clinic, Clinical Emergency Hospital for Children, Cluj-Napoca, Romania were collected. Clinical suspicion of pneumonia was established by the physician based on the institution's protocol, using clinical findings, such as the presence of fever, cough, chest pain, respiratory distress, increased respiratory rate, and breath sounds modification. Additional inclusion criterion was the performance of both chest radiography and of LUS examination in the same patient with a clinical suspicion of pneumonia, irrespective of their findings. According to the institution's protocol in cases admitted with a clinical suspicion of pneumonia, a chest radiograph is a mandatory investigation only in younger ages. LUS examination is not a mandatory investigation and may be performed if the treating physician considers that it may provide additional information for guiding pneumonia diagnosis and/or therapy.
Description of chest radiograph and LUS findings was collected from patient files. According to the institution's procedure, chest radiographs were performed and interpreted by an experienced senior radiologist using a commercially available machine (Hofmann Combigraph Quadro, Hofmann X-ray Systems, Germany). In children <5 years of age were performed antero-posterior chest radiographs in sitting position. In children ≥5 years of age were performed postero-anterior chest radiographs in standing position. The following findings were considered characteristic for the diagnosis of radiological pneumonia: consolidation, parenchymal or interstitial infiltrate (linear and patchy densities).
LUS was performed before or after the chest radiograph by a senior radiologist experienced in performing ultrasonography, using convex (7-11 MHz) and linear probes (3.5-5 MHz) and Accuvix V20 Medison ultrasound system until 2014 and Toshiba Xario 200 ultrasound system in 2014. Ultrasonographic images were obtained with patients first in a supine and then in a sitting position. Anterior and posterior intercostal spaces were examined in longitudinal and diagonal sections. Findings were reported as normal (defined as normal lung with or without A lines), parenchymal consolidations (defined as subpleural tissue-like or echo-poor region, with or without air-bronchogram) and pleural effusions (defined as hypoechoic or anechoic fluid in the pleural space) [18] . Parenchymal consolidations with or without sonographic air bronchograms identified on LUS were considered suggestive for the presence of pneumonia; additionally, the presence of pleural effusion was also noted.
Results of laboratory investigations (leukocyte count, erythrocyte sedimentation rate [ESR], C-reactive protein [CRP] ) and clinical findings (presence of fever, cough, chest pain, respiratory distress, other symptoms, respiratory rate, oxygen saturation on room air, breath sounds) were also collected and included in the analysis.
The gold standard for the diagnosis of pneumonia, i.e. chest computed tomography, is not used in our department as standard of care in children due to ethical considerations related to the radiation dose. Therefore, in our analysis the reference standards used were radiological pneumonia according to the criteria described above and clinical pneumonia. Diagnosis of clinical pneumonia was performed according to the institution's protocol and was based on 1) medical history and clinical examination showing the presence of fever, cough, chest pain, respiratory distress, increased respiratory rate, and decreased or absent breath sound, crackles; 2) laboratory investigations -leukocytosis with neutrophilia, increased ESR, increased levels of CRP; and/or 3) pleural effusion as a complication of pneumonia.
The study was conducted according to the Ethical Principles for Medical Research Involving Human Participants as presented in the World Medical Association Declaration of Helsinki. Local Ethics Committee approved the study protocol. Due to the retrospective nature of the study, no informed consent for the collection and the analysis of the data was required and obtained from parents or legal guardians. As per local procedures, at the admittance, parents were asked to sign an informed consent related to the usual care in the institution.
Statistical analysis
Data was summarized using descriptive statistics: proportions for qualitative variables, mean and standard deviation for continuous variables. The accuracy of LUS to correctly identify the presence of pneumonia as compared to the chest radiograph and clinical diagnosis was assessed calculating sensitivity, specificity, the positive predictive value (PPV), and the negative predictive value (NPV). A p value of less than 0.05 was considered statistically significant. A two-sided 0.05 significance level was applied to all tests. Statistical analysis was carried out using Stata 14 (StataCorp LP, College Station, Texas, US) and Medcalc v. 17.2 (MedCalc Software bvba, Ostend, Belgium).
Results
Between 2009 and 2014 97 patients with a clinical suspicion of pneumonia and for whom a LUS was performed were admitted to the 3 rd Pediatrics Clinic, Clinical Emergency Hospital for Children, Cluj-Napoca, Romania. No chest radiograph was performed in 16 of these children and they were excluded from the analysis. Thus, we collected data from 81 children (mean age 6.5±4.7 years, male 51.5%) admitted with a clinical suspicion of pneumonia and for whom both a LUS and a chest radiograph during the hospitalization was performed. Demographic data, clinical presentation and laboratory findings are presented in Table I .
Consolidation, parenchymal infiltrates, and interstitial infiltrate on the chest radiograph was reported in 72 of the 81 patients admitted with clinical suspicion of pneumonia and these cases were considered as having radiological pneumonia (prevalence 88.9%). Ultrasound identified peripheral parenchymal consolidations in 62
cases. An example of comparative findings on the chest radiograph and LUS is provided in figure 1 . Of these, 57 also had suggestive changes on the chest radiograph (true positive cases), and for 5 the chest radiograph was negative. Of those with a positive chest radiograph, ultrasound did not identify any parenchymal consolidations in 15 cases (Table II) . When the reference standard used for the identification of pneumonia was the chest radiograph, LUS correctly identified radiological pneumonia, with a sensitivity of 79.2% and a specificity of 44.4%. The PPV was 91.9% and the NPV was 21.0% (Table III) . Pleural effusion was identified on chest radiograph in 29 cases. Of these, LUS identified pleural effusion in 23 cases. 10 additional cases with no pleural collection on chest radiograph were identified by LUS. Clinical pneumonia was diagnosed in 75 of the 81 patients (prevalence 92.6%). LUS identified parenchymal consolidations in 60 of the 75 patients with clinical pneumonia (true positive cases) and 2 additional cases with parenchymal consolidations which were not considered as having clinical pneumonia (false positive cases). In 15 cases, no ultrasound consolidation was identified although they were considered as having clinical pneumonia (false negative cases) and 4 cases with no clinical pneumonia were correctly identified (Table II) . When clinical criteria were used as reference standard, the sensitivity, specificity, PPV and NPV of correctly identifying clinical pneumonia casesby LUS were 80.0%, 66.7%, 96.8% and 21.0%, respectively (Table III) . When indicative for the presence of pneumonia either the ultrasound consolidation or the ultrasound detected pleural effusionwere considered and the true positive cases identified increased to 72 and false negative cases decreased to 3. The sensitivity, PPV, and NPV also increased to 96.0% (95%CI: 88.8-99.2), 97.3% (95%CI: 92.0-99.1), and 57.1% (95%CI: 27.7-82.2), respectively. The likelihood ratio for positive ultrasound results was 2.9 (95%CI: 0.9-8.9) and the likelihood ratio for a negative ultrasound result was 0.06 (95%CI: 0.02-0.2).
Discussions
This study confirms that LUS is a sensitive diagnosis tool in children with suspected community-acquired pneumonia. The results of LUS and clinical pneumonia demonstrated a good agreement. The sensitivity, specificity, and PPV of LUS for the identification of clinical pneumonia when only consolidations detected on LUS were used as a sign of pneumonia were acceptable. The use of both pleural effusion and consolidations for the diagnosis improved the sensitivity, PPV, and NPV for the detection of cases of clinical pneumonia -sensitivity increased from 80.0% to 96.0%, PPV from 96.8% to 97.3%, and NPV from 21.0% to 57.1%. The specificity remained unchanged. In other words, the identification on LUS of either pleural effusion or consolidations correctly identified 96% of the children with clinical pneumonia, and the likelihood of a patient with a positive finding on LUS to have clinical pneumonia was 97.3%.
Although limited in number and enrolling a small number of children, previously published reports in the literature both in children and adults have shown very good accuracy of LUS for the diagnosis of pneumonia. In a prospective study published by Urbanowska et al [19] , LUS had a sensitivity of 93.4% and PPV of 95.3% in identification of lung involvement. The study enrolled 106 consecutive children between 1 and 213 months of age, with a suspicion of community-acquired pneumonia, and the diagnosis was performed based on the presence of clinical criteria and at least one radiographic criterion (consolidation, parenchymal infiltrates, linear and patchy Table II . Agreement between chest radiograph, clinical diagnosis of pneumonia and lung ultrasonography in the study population with suspected community-acquired pneumonia.
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Rx = Radiograph; CP = Clinical pneumonia LUS = lung ultrasound, only parenchymal consolidations; LUSE = lung ultrasound, parenchymal consolidations, and pleural effusion; + = present; -= absent; N = number of patients Table III . The ability of lung ultrasonography (consolidation identified) to predict the presence of radiological and clinical pneumonia. densities, or pleural effusion). A meta-analysis including 8 prospective studies performed in neonates and pediatric population and enrolling 765 children showed that LUS had an overall sensitivity of 95% (95%CI: 94-97), positive likelihood ratio of 15.3 and negative likelihood ratio of 0.06 for the presence of pneumonia as diagnosed based on clinical criteria and radiographic findings [8] .
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As compared to other reports, our results showed a lower specificity (66.7%) and NPV (57.1%). LUS correctly identified 66.7% of the patients without clinical pneumonia and 57.1% of those with a negative finding on LUS did not have clinical pneumonia. However, LUS is not proposed as a single diagnostic tool in children with suspected pneumonia. Its purpose is to support the diagnosis and the ultrasonographical findings, positive or negative, should be interpreted in the context of clinical findings. Previous individual prospective studies enrolling children with suspicion of pneumonia and in which the diagnosis of pneumonia was established using clinical criteria alone or clinical criteria in combination with radiographic findings have reported higher values of specificity, ranging between 96% and 100% and NPV of 95.7% [19, 20] . The above mentioned meta-analysis which included all available prospective studies in which the confirmation of pneumonia was performed by a combination of clinical findings and chest radiographs or chest CT scan, showed a specificity of LUS of 93% (95%CI: 89.6-95.6) [8] .
Previous studies performed both in children and adults have shown that LUS is not inferior to chest radiographs in identifying lung abnormalities in patients with a clinical suspicion of pneumonia [15, 16, 18, 19, [21] [22] [23] [24] . Urbanowska et al [19] showed a high agreement between LUS and chest radiographs, with a Cohen kappa coefficient of agreement of 0.89. Esposito et al [15] also found a high accuracy of LUS as compared to chest radiographs, with a sensitivity of 97.9% and a specificity of 94.5%. When radiological findings were used as a test reference, Shah et al [16] showed sensitivity and specify of LUS of 86% and 89%, respectively. In our study, compared to chest radiographs, LUS correctly identified 57 of the children with radiological pneumonia, while in 15 cases no condensation was visible by LUS. Among the reasons for LUS not detecting the lung modifications are the location of lesions in areas not easily reached by ultrasound beam or lesions of small dimensions that do not extend to pleura [24] . In our study the performance of LUS when using chest radiographs as a reference standard was 79.2% (sensitivity) and 44.4% (specificity), respectively. These results show a partial agreement between LUS and chest radiographs. It should also be noted that LUS identified 5 additional cases in which no consolidation was visible on chest radiographs. Similar findings on higher performance of LUS as compared to chest radiographs in certain cases have been reported in the literature and among explanations is the reduced dimension of the lung consolidations, too small to be identified by radiography, and the location of the lesions behind the heart or mediastinum [16, 24] . Head-to-head comparisons of chest radiological and LUS findings, with chest computed tomography (CT) as a reference standard, are available only in adults and showed a higher accuracy of LUS in the detection of lung changes [25] . In a clinical study performed in 179 adults with suspected community-acquired pneumonia, and in which CT was used as reference standard, LUS performed better as compared to the chest radiograph in identifying CT changes characteristic for pneumonia, with a sensitivity of 94.6% vs. 77.7%, a specificity of 98.5% vs. 94.0% and an accuracy of 96.1% vs. 83.8% [25] . As in our patients no chest CT was performed for the diagnosis of pneumonia, it remains an open question on whether cases with only LUS findings are indeed false positive cases or true cases undetected by chest radiography. In our study, LUS also performed better than chest radiography for the detection of pleural effusion -10 additional cases with pleural effusion were identified by LUS. Similar results of a higher performance of LUS in the identification of pleural effusion when compared to chest radiographs have been previously reported, with LUS identifying effusion in 54.3% of the patients and chest radiographs in only 12.1% of the patients [19] .
Our study has several limitations which may have influenced the results and that should be acknowledged. The study was a retrospective one and no standard protocol for the investigations was in place before the performance of all diagnostic procedures. The radiologist performing the ultrasonography was not blinded to the suspicion of clinical pneumonia or to the chest radiograph results. LUS and chest radiograph were not performed on the same day or in a certain order and this may have been reflected in a lack of concordance between the results due to improvements or worsening of the disease. Another limitation is the use of the chest radiograph as a reference standard for the diagnosis of radiological pneumonia instead of CT. CT may have helped for the clarification of 'false positive' cases with no findings on the chest radiograph and positive on LUS. However, due to the high dose of radiation, CT cannot be used for the detection of pneumonia in clinical studies involving children.
Conclusions
In our opinion our findings together with previous ones available in the literature recommend LUS as a valuable tool for the diagnosis of community-acquired pneumonia in children. Chest radiographs may not be required in certain cases with clinical findings suggestive of communityacquired pneumonia and specific LUS abnormalities.
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